The pattern of glycogen deposition in various tissues of the fetal pig was determined throughout gestation. Liver and carcass glycogen levels were low in early gestation, rising rapidly in the last 4 weeks of gestation. The carcass contributed about 90% of the total glycogen throughout gestation. The importance of the contribution of the heart and lung reserves to the total decreased with age, while that of the liver increased.
INTRODUCTION
Glycogen is the major energy reserve of newborn pigs. There have been several studies of the glycogen content of liver and skeletal muscles of pigs in the peripartum and postnatal period (Mersmann et al., 1972; Stanton and Mueller, 1974; Widdowson and Crabb, 1976) . These studies have shown a significant increase in the rate of glycogen deposition in fetal tissues in late gestation and a rapid rate of liver glycogen utilization within the first 12 to 18 hr of extrauterine life. The effects of the nutrition of the sow in late gestation on the glycogen content of liver and skeletal muscle of the baby pig at birth or soon after have not been extensively studied. Buitrago et al. (1974) reported reduced liver glycogen levels in pigs from sows fed a low level of energy during gestation. As pointed out by Randall and L'Ecuyer (1976) , there is also a lack of information on the glycogen deposition pattern in the fetal tissues of pigs throughout gestation. Padalikova et al. (1972) have determined the glycogen content in the placenta and fetal tissues during the last third of intrauterine life, and Randall and L'Ecuyer (1976) have studied the glycogen deposition pattern during the second half of gestation.
The objectives of the two experiments described in this paper were to provide more information on the glycogen deposition pattern in fetal pigs from early gestation until term and to determine the effects of nutrient intake in late gestation on tissue glycogen content at birth and during the immediate postpartum period. The blood serum of the perinatal pig and of the sows were analyzed for calcium, inorganic phosphorus, glucose, urea nitrogen, cholesterol, total protein and albumin.
Yorkshire and 1/2 Poland China) was used in this experiment. Stage of gestation studied ranged from day 44 to day 113 post-mating.
During gestation, sows were fed 2.2 kg per day of a corn-soybean meal diet that contained 14% crude protein. Sows were fed on the morning of surgery and were transported to the surgical unit 1 hr before the operation.
Sows were anaesthetized with an intravenous injection of sodium thiamylal (2.5%) and a surgical level of anaesthesia was maintained by halothane in a dosed circuit anaesthesia machine.
After the abdominal cavity was opened, one horn of the uterus was selected at random, and the first four fetuses from the cervical end were removed. Samples of blood were drawn into heparinized syringes from the umbilical artery and vein as soon as each fetus was exposed. The umbilical cord was then severed and the fetus removed, blotted and weighed. As quickly as possible, the heart, liver, lungs and kidneys were removed, weighed and frozen in liquid nitrogen. The remainder of the first two fetuses was also frozen in liquid nitrogen.
Tissue samples were stored at -14 C and analyzed for glycogen content by using the automated fluorometric method suitable for a Technicon Autoanalyzer described by Beyer (1966) . Duplicate tissue samples were digested in 12 ml hot 30% potassium hydroxide and allowed to stand overnight at room temperature before dilution with water. Carcass samples were ground and sampled for glycogen determination while frozen. A commercial purified rabbit liver glycogen was used as a standard. Plasma samples were analyzed for total reducing sugars, fructose and lactic acid contents by using methods described by Pettigrew et aL (1971) . Plasma urea nitrogen content was determined as described by Marsh et al. (1965) .
Experiment 2. A total of 18 crossbred sows, ranging in age and weight from 1.5 to 5 years and 130 to 250 kg and mated to crossbred boars, was randomly allotted within weight subgroups to the three diets shown in table 1. Four sows, designated Control-Low (C-L), received 2.0 kg per day of the control diet from day 100 of gestation until farrowing. This same diet was fed ad libitum (C-H) to the second group (five sows), while the third (four sows) 7Northington Biochemical Corporation. San Francisco, CA. and fourth (five sows) groups received ad libitum a similar diet that contained 10% sucrose (SU) or 10% stabilized tallow (TA), respectively. From the start of the experimental period, sows were kept in farrowing stalls bedded with wood shavings. For the first 48 hr after farrowing, all sows were fed 2.0 kg per day of a standard 14% crude protein diet.
All farrowings were attended. Two or three piglets were randomly selected as they were born, dried quickly and weighed after the umbilical cord had been cut to a length of approximately 4 centimeter. These piglets were mechanically stunned and killed by cervical dislocation and exsanguination. Blood was collected in two beakers, one of which was clean while the other contained sodium fluoride (10 rag/10 ml blood) and 14 mg ethylene diamine tetracetate (EDTA). Both blood samples were centrifuged at 25,000 rpm (1.1 g). The plasma and serum obtained was then stored at -30 C until analyzed. The viscera of each piglet were quickly exposed by a ventral incision, and two liver lobes were excised and put into plastic vials, capped and immersed in liquid nitrogen. The same two lobes were selected from each piglet. The two longissimus muscles were next removed and frozen in liquid nitrogen. Piglets not killed at birth were dried and weighed as they were born and returned to the sow. A random selection of piglets for slaughter was again made at either 24 or 48 hr of age. All piglets were weighed before slaughter and serum and tissue samples were collected as described for the newborn group. Blood serum samples were analyzed for calcium, inorganic phosphorus, glucose, urea nitrogen, cholesterol, total protein and albumin. The procedures used for these determinations have been described by Aherne et al. (1976) . Plasma lactic acid levels were determined for pigs killed at birth, and only for pigs of less than nine in the farrowing order using the method described by Pettigrew et al. (1971) .
The procedure adopted for tissue glycogen determination was similar to that described by Stanton and Schwartz (1967) . This involved dissolving the weighed frozen sample in hot 30% potassium hydroxide, precipitating the released glycogen with 95% ethanol and hydrolyzing it with dilute sulphuric acid (1.6 N). The glucose present was determined enzymatically with the commercial glucostat reagent set s.
All data obtained in Experiment 1 were analyzed by polynominal regression models as cothers include margaric (17:0) arachidic acid (20:0).
described by Li (1967) . All other data were analyzed by analyses of variance as described by Steel and Torrie (1960) and Harvey (1960) , and multiple comparisons were conducted by using the Newman-Kuels procedure (Steel and Torrie, 1960) and the procedure of Cicchetti (1972) for comparisons within the interaction table.
RESULTS AND DISCUSSION
Experiment 1. The fetal weights and weights of some of the organs at various stages of gestation are shown in table 2. There was a wide variation in the weights of the fetuses from any particular sow at each stage of gestation, and the data are generally in agreement with those reported by Pomeroy (1960) , Ullrey et al. (1965) and Marrable and Ashdown (1967) .
Tissue glycogen concentration and the total amount of glycogen in the liver, lung, heart and kidney of fetal pigs are shown in table 3. Although traces of glycogen were present in the liver as early as day 44 of gestation, it was not until day 86 that the glycogen level increased appreciably. In the last 4 weeks of gestation, the liver glycogen concentration and total content rose rapidly, reaching a maximum liver content of 6,391 mg at day 113 of gestation. The liver glycogen concentrations throughout gestation and at term in this study were similar to those reported by Mersmann (1971) , Mersmann et al. (1972) and Randall and L'Ecuyer (1976) .
The glycogen level in the fetal lung (table 3) was low early in gestation, rose to a maximum of 30.8 mg/g wet weight by day 77 of gestation, and decreased to a level of 3.4 mg/g wet weight at term. This pattern of depletion is similar to that reported by Randall and L'Ecuyer (1976) . Shelley (1961) has attributed the decline in lung glycogen levels before term to the loss of fetal alveolar epithelium, which is high in glycogen.
The concentration of glycogen in the cardiac tissue tended to fluctuate between 15 and 30 mg/g wet weight throughout gestation. Swiatek et al. (1968) and Randall and L'Ecuyer (1976) have reported values of 19.0 mg/g and 13.0 mg/g wet weight for newborn and piglets near term, respectively. The values reported for the various gestational stages in this study, however, are generally higher than those reported by these researchers.
The kidney glycogen level near term was 1.0 mg/g or 12.3 mg in total. Randall and L'Ecuyer (1976) have reported a very low level of .1 mg/g in fetuses near term, but higher values have been found by Shelley (1961) in the kidneys of guinea pigs, rabbits and humans. There were no major changes in the concentration of kidney glycogen throughout gestation, This confirms the observations of Randall and L'Ecuyer (1976) . As indicated in table 2, the rate of growth of the kidney is very slow in the last 3 weeks of gestation, which partly explains the low total weight of kidney glycogen during this period. Aherne (unpublished data) suggests that, soon after birth, kidney growth rate increases rapidly leading to a considerable increase in the total weight of kidney glycogen.
The glycogen concentration in the fetal carcasses from day 67 to 113 of gestation is shown in table 4. From a relatively low level of 8.4 mg/g at day 67 of gestation, glycogen concentration rose to 44.9 mg/g wet weight near term. The corresponding values for total carcass glycogen were 1.5 g and 42 g, respectively. This deposition pattern is similar to that reported for fetal monkeys, sheep and human embryos by Dawes and Shelley (1968) . They suggested that the pattern of glycogen deposition was related to the length of the gestation period, with species having a long gestation period showing a rise in glycogen level early in gestation. The pattern of glycogen deposition in the carcass also was similar to that occurring in the liver and to that reported by Randall and L'Ecuyer (1976) for liver and thigh muscles.
The contribution that each of the major organs made to the total fetal glycogen content is shown in table 5. The carcass contributed about 90% of the total body glycogen through- aEach value represents the mean of two pigs. The carcass consisted of the whole body minus the liver, lung, heart and kidneys. out gestation. Liver glycogen supplied about 10% of the total glycogen near term, having risen from a fairly low level of 1.3% at day 67 of gestation.
The concentrations of total reducing sugars (TRS), fructose, lactic acid and urea nitrogen in the plasma from the umbilical artery and vein are shown in table 6. The levels of total reducing sugars in venous and arterial blood were much greater in the plasma of younger fetuses than in plasma of older fetuses. The high level of fructose in both the umbilical artery and vein suggests that the bulk of the TRS was indeed fructose. This was especially so in the early gestation periods. These results are in agreement with those reported by Aherne et al. (1969) and Randall and L'Ecuyer (1976) . The role of fructose in the metabolism of the fetal and newborn pig is not known (Aherne et al., 1969; Pettigrew et al., 1971) .
Plasma lactic acid level in the umbilical vessels was variable throughout pregnancy, with most values being between 24 and 40 mg/100 ml, except for the samples taken on day 111 of gestation. These values are lower than the 79.1 mg/100 ml reported by Pettigrew et al. (1971) for newborn pigs but are similar to the values reported for newborn pigs by Curtis et al. (1966) , Randall and Penny (1968) and Siers et al. (1976) . There was no consistent relationship between the lactic acid levels of the umbilical artery or vein.
Plasma urea nitrogen levels fluctuated between 13.0 and 26.9 mg/100 ml in the fetal blood vessels, and again there was not consistent relationship between the venous and arterial blood.
Experiment 2. The total and average daily feed intake of the sows and the piglet weight data obtained are shown in table 7. Feed intake either on the basis of total or daily intake was similar for the three ad libitum-fed groups, and these were significantly (P<.01) different from the feed intake of the control group of sows. There was no significant difference (P<.05) in the birth weight of piglets born to sows fed the C-L, C-H or SU diets. The piglets from sows fed the tallow-containing (TA) diet weighed significantly (P<.05) less than those fed the 10% sucrose diet. The 24-hr weights of piglets from the four treatments were similar but the 48-hr weights for pigs from sows fed the C-L diet were significantly (P<.05) greater than those of the C-H piglets.
As shown in table 8, the plasma lactic acid levels of the newborn pigs were not significantly affected by the sows' treatment. The plasma lactic acid values are similar to those recorded by Pettigrew et al. (1971) for newborn pigs. The dietary treatments also had no significant effect on the blood serum levels of glucose, cholesterol, total protein, albumin, urea nitrogen, calcium and inorganic phosphorus at birth, 24 or 48 hr of age. The glucose level observed at birth in this study is similar to that reported by Aherne et al. (1969) , Tumbleson and Kalish (1972) . Piglets from sows fed ad libitum had higher serum cholesterol levels than piglets from the control group at either 24 or 48 hr of age. The levels of calcium and phosphorus observed are quite comparable to those found by Tumbleson and Kalish (1972) and Tumbleson and Hutcheson (1976) . The effect of age per se was significant (P<.05) for cholesterol, total protein, urea nitrogen and albumin. Similar age effects have been reported by McCance and Widdowson (1959) , Miller et al. (1961) and Ramirez et al. (1963) . According to McCance and Widdowson (1959) , Tumbleson and Kalish (1972) and Tumbleson and Hutcheson (1976) , the intake of cholostrum (especially gamma globulin intake) is responsible for the rise in total serum protein. The serum urea nitrogen level at bi:rth was lower than that observed by Tumbleson and Kalish (1972) but was higher at 24 and 48 hr postpartum than was observed by these workers.
The concentration of glycogen in the liver and longissimus muscle of newborn and neonatal pigs is shown in table 9. The treatments imposed on the sows in late gestation had a significant (P<.01) effect on the liver glycogen concentration at birth. The liver glycogen concentration in the C-L group was the highest, but it was only significantly different from that of piglets from sows fed the TA diet. The lower level of liver glycogen in the piglets of sows fed the TA diet compared with that of pigs from sows fed the C-L diet, indicates that fat-supplemented diets do not increase fetal glycogen deposition in late gestation. Indeeed, Seerley et al. (1974) have reported a lower liver glycogen concentration in piglets from sows fed a diet that contained corn oil. Generally the values obtained for newborn pig liver in this experiment and the depletion patterns observed during the first 48 hr of life are in agreement with those reported by Mersmann and Houk (1971) , Mersmann et al. (1972) and Seerley et al. (1974) .
There have been very few studies of the glycogen content of the longissimus muscle and its depletion pattern (Curtis et al., 1966; Seerley et al., 1974) recorded a value of 71.6 mg/g wet weight, but Seerley et al. (1974) reported a concentration of 147 mg/g wet weight in newborn pigs. In this experiment, the values obtained at birth for pigs from the C-L, C-H, SU and TA treatments were 167.3, 181.9, 180.6 and 184.7 mg/g wet weight. The differences between the means were not significant. The age of the piglet had a significant (P<.01) effect on the glycogen concentration in this muscle, but unlike liver samples, this change was more evident at 48 hr of age than at 24 hr of age. This agrees with the observations ot~ Shelley (1961) and Mersmann (1974) that in skeletal muscle, postpartum glycogen depletion wa.* less rapid than in liver, with minimal levels occurring 36 to 48 hr postpartum. The 48 hr values reported for the C-L, C-H, SU and TA groups were 48.5, 54.4, 65.7 and 57.6%, respectively, of the values determined at birth, and the corresponding figures for the liver samples were 20.8, 27.7, 29.5 and 46.4%.
